Abstract. Due to the high penetration power, the high photon flux and the excellent brilliance high energetic synchrotron radiations are a phantastic tool particular in fast experimentation. Therefore in-situ measurements under applied load or at various temperatures have been carried out to investigate the texture influence on the deformation of magnesium and aluminium. An upgraded loading device with a power up to 20 kN was installed at the hard wiggler beamline BW5. Magnesium samples with different initial textures show the strong influence on this texture on the activation of different glide systems and on the activation of twins. First experiments to study the phase transition in titanium were performed, which demonstrate the strong orientation correlation between the α-and the β-phase.
In-situ texture analysis using hard X-rays H.-G. 
Introduction
Hard X-rays with energies higher than 50 keV are characterized by there high penetration power in most materials. In the case of 100 keV to 200 keV X-rays, the penetration power is in the same order as for thermal neutrons. Table 1 shows a comparison of the penetration power for some common metals of three typical radiations (CuKα -1,5418 Å, 100 keV synchrotron radiations -0,124 Å, thermal neutrons -1.0 Å). Rather big differences between hard X-rays from a storage ring and neutrons are the much higher photon flux of some orders and an excellent brilliance of the photon beam. Both properties allow us a number of new innovative investigations which have been discussed elsewhere [1, 2, 3] . A high photon flux opens the possibility to carry out fast experience that one can think about time resolved data collection. In the case of fundamental studies time resolved phase transition is one domain.
Texture analysis by hard X-rays using two-dimensional position sensitive detector is firstly a step back to methods well known using film techniques [4] [5] [6] and secondly a big step forward to combine a brilliant radiation source with modern detectors such as CCD-cameras and image-plate detectors. The goal of the present activities is to improve the available systems for in-situ experimentation to come closer to materials processing (heating, tension, compression, torsion). One option to follow texture changes has been developed by Bunge et al. [7] , the so-called 'sweeping mode' which is based on a direct correlation of a detector movement with a change of the sample (local area by x-,y-,z-movement, temperature treatment, loading). The present paper deals with pole figure measurements during loading and heating.
Experimental equipment
The working horse for our in-situ experiments is the high energy beam line BW5 at Hasylab -DESY [8] , which will be completed in near future by Harwi II, a second high energy beamline at Hasylab operated by GKSS. By using a two-dimensional image plate detector (MAR345), one second is a typical exposure time for one shoot. Depending on the wavelength obtained by a monochromator and the detector sample to distance a set of Debye-Scherrer cones are detected simultaneously as shown in figure 1a for a Mg-powder and in figure 1b for a textured Fe-foil of about 20µm thickness. Even by one shot one can see the presence of a texture looking at the intensity distribution of one Debye-Scherrer cone. As known from the former film techniques, a set of exposures are necessary to cover complete pole figures. The number of exposures depends strongly on the texture itself. Strong textures need a finer counting grid and consequently more exposures have to be taken. According to the texture symmetry and to the type of pole figure measurements, complete or incomplete, one can obtain the texture in about 40 sec to 3600 sec. In the case of faster detectors, complete pole figures can be measured in one order of magnitude faster.
In addition to the standard instrumentation of the beamline BW5, a loading device compression was modified which has been designed originally for the neutron diffractometer TEX-2 [9] . In the stress community a loading device to investigate applied stresses is a standard equipment at most neutron diffractometers. Our set-up (see Fig. 2a ) allows the measurement of a stress strain curve in tension as well as in compression, which has been tested for aluminium and magnesium. Controlled by a pressure gage the maximum power is about 20 kN. According to the type of materials, test samples between M4 to M10 screw threads can be mounted which fulfill the German DIN 50125. The 56 Texture and Anisotropy of Polycrystals II loading device was controlled by a LABVIEW based program package which allows various strain rates. An extensometer, which can be seen in Fig. 2a parallel to the loading sample registers the macroscopic length while the development of different lattice planes d hkl inform about the elastic and the plastic behavior on the crystal level. Moreover, one mirror furnace with a temperature range up to 1500°C and a smaller furnace up to 600°C rounds up the present instrumentation. The small furnace ( see fig 2b) was designed that it can be installed inside the loading device, so that in-situ loading experiments became possible at different temperatures. These type of experiments have not yet been done up to now.
Strain and texture development of an Al sheet
For all our investigations we cut three identical DIN 50125 samples from a rectangular block, one for conventional stress-strain measurement, one for an in-situ stress-strain experiment and the last one for the in-situ texture measurement. To get a complete description of the material, we prepared samples in three directions 90°, 45° and 0° to the deformation direction (extrusion, rolling etc.). Depending on the thickness of the material, a fourth sample was prepared normal to the deformation plane (extruded bars). Figure 3a shows the stress-strain curve detected with the extensometer during in-situ texture measurement of the 0° sample. Firstly, the initial texture was measured which shows a cube texture with a texture sharpness of 5.7 mrd (multiple random) in the recalculated pole figure. Due to the loading device only incomplete pole figures were obtained as shown in Fig. 3b . The sample was loaded till point one in the stress strain curve. Under constant load a second set of pole figures were measured, which results in no change of the texture. At a strain of 9.7% the cube texture was still stable and the texture degree increases a little to 6.5 mrd. Even at 20.3 % no change of the texture type was observed which agrees with texture simulations recently published by Raabe et al. [10] . The texture degree at 20.3% strain with 6.6 mrd was nearly constant compared to 9.7% strain. The measurement of the broken sample is open to complete the experimental data. Texture investigations on AZ31 and AM20 AZ 31 and AM 20 are two of the best characterized magnesium alloys with a great potential as light weight material. Nevertheless, the texture influence on deformation, the anisotropic behavior under tension and compression and the inhomogeneity of deformed AZ31 is not understood in detail. Insitu strain and texture investigations under tension and applied compression together with simulations contribute to basic knowledge of deformation behavior of Mg-alloys. The samples were prepared as described in the previous chapter. Looking at the stress-strain curve in Fig. 4a the anisotropy of the rectangular extruded bar can be seen clearly. The texture was measured in the initial state, at four points of the stress strain curve and after failure. Four pole figures, ((10-10), (0002), (10) (11) , (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) , have been collected. Fig. 4b shows one of the broken samples. The different behavior in Fig. 4a can be explained by three initial textures, the texture development under load and by texture simulation. For texture simulation, the visco-plastic self consistent approach was used. In Fig. 5a -c the (00.2) pole figures of the three initial textures express the varying starting conditions with the tension direction parallel to the normal direction of the (002) pole figure.
Texture and Anisotropy of Polycrystals II
In the case of the 0° sample the highest yield strength was observed because basal slip is restricted by the present crystallographic texture. Activation of twins is rare. The 45° sample has a much better initial texture to activate basal <a> and pyramidal <a> and consequently the yield point is much lower. In the 90° sample the grains are oriented unfavorably for basal glide, and (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) tensile twins are the main component to start the deformation. Strain hardening based on twinning results in the increase of the stress-strain curve after reaching the yield point. A detailed description about the whole deformation part and the texture simulation is given by Sang-Bong Yi [11, 12] Orientation correlation between α-and β-Ti While the high photon flux leads to short exposure times, the high brilliance offers studies on the grain level. Our test sample was a Ti 2.5Cu alloy. A medium grained Ti 2.5 Cu was heated up till 875°C in steps of 25°C using a mirror furnace originally used for neutron diffraction. This leads to some furnace reflections necessarily not present in a furnace constructed for X-rays. The experiment was carried out with a 1x1 mm synchrotron beam that one can see at low temperatures a more or less continuous ring but also some individual grains. Fig. 5a shows a part of the diffraction pattern for three temperatures. At 825°C a two-phased material of α-Ti and β-Ti was observed. Grain growth started explosively at 875°C so that only some large β-grains existed. Cooling to 600°C (see figure 5b ) was leading to a coarse grained material of α-and β-Ti. Due the strong correlation of the two structure types with (00.2) closed packed layers in hexagonal α-Ti and with (110) layers in bcc material, the reflections in Fig. 5b are very narrow. Time resolved measurements allow the investigation of the phase transition with respect to the orientation correlation on the grain level. A model for the texture transition from the cubic lattice (875°C) to the hexagonal lattice (600°C) was described by Humbert and Gey [13] taking into account the possible variant selections.
Conclusion
The combination of the hard wiggler beamline BW5 with a loading device or with a furnace offers excellent possibilities to perform in-situ experiment in a rather short timescale. Examples on magnesium and aluminium have demonstrated that in-situ texture analysis give important input for texture simulations and flow field calculations. In the case of aluminium these experiments verify the calculations on the stability of the cube-texture component under plastic strain. Hexagonal materials show a much different deformation behavior than cubic materials and are more sensitive on the initial texture. It has been demonstrated that the initial texture can favor or hinder twinning in magnesium alloys AM20 and AZ31.
